Introduction {#Sec1}
============

The majority of the particles produced at mid-rapidity in proton--proton collisions are low-momentum hadrons not originating from the fragmentation of partons produced in scattering processes with large momentum transfer. Their production, therefore, cannot be computed from first principles via perturbative quantum chromodynamics (pQCD). Currently available models describing hadron-hadron collisions at high energy, such as the event generators PYTHIA6 \[[@CR1]\], PYTHIA8 \[[@CR2], [@CR3]\], EPOS \[[@CR4], [@CR5]\] and PHOJET \[[@CR6]\], combine pQCD calculations for the description of hard processes with phenomenological models for the description of the soft component. The measurement of low-momentum particle production and species composition is therefore important as it provides crucial input for the modelling of the soft component and of the hadronisation processes. Furthermore, it serves as a reference for the same measurement in Pb--Pb collisions to study the properties of the hot and dense strongly interacting medium with partonic degrees of freedom, the quark--gluon plasma, which is created in these collisions. In this paper, the measurement of primary $\documentclass[12pt]{minimal}
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                \begin{document}$$=$$\end{document}$ 7 TeV using the ALICE detector \[[@CR7]--[@CR10]\] is presented. Primary particles are defined as prompt particles produced in the collision including decay products, except those from weak decays of light flavour hadrons and muons. Pions, kaons and protons are identified over a wide momentum range by combining the information extracted from the specific ionisation energy loss (d$\documentclass[12pt]{minimal}
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                \begin{document}$$x$$\end{document}$) measured in the inner tracking system (ITS) \[[@CR11]\] and in the time projection chamber (TPC) \[[@CR12]\], the time of flight measured in the time-of-flight (TOF) detector \[[@CR13]\], the Cherenkov radiation measured in the high-momentum particle identification detector (HMPID) \[[@CR14]\] and the kink-topology identification of the weak decays of charged kaons. Similar measurements in proton--proton collisions at $\documentclass[12pt]{minimal}
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                \begin{document}$$=$$\end{document}$ 900 GeV and 2.76 TeV are reported in \[[@CR15]--[@CR17]\] and are included, together with lower energy data \[[@CR18]--[@CR24]\], in the discussion of the evolution of particle production with collision energy. Similar measurement at the LHC have also been performed in the forward region \[[@CR25]\].

The paper is organised as follows. In Sect. [2](#Sec2){ref-type="sec"} the ALICE experimental setup is described, focusing on the detectors and the corresponding particle identification (PID) techniques relevant for the present measurement. Details of the event and track selection criteria and the corrections applied to the measured raw yields are also presented. In Sect. [3](#Sec13){ref-type="sec"} the results on the production of primary $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi ^{\pm }$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$K^{\pm }$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\overline{{p}}}$$\end{document}$ are shown. These include the transverse momentum ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$) distributions and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$-integrated production yields of each particle species and the K/$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi $$\end{document}$ and p/$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi $$\end{document}$ ratios. The evolution with collision energy of the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$-integrated particle yields, of their ratios and of their average transverse momenta $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\langle p_\mathrm{T} \rangle $$\end{document}$ is also presented. In Sect. [4](#Sec14){ref-type="sec"} particle spectra and their ratios (K/$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi $$\end{document}$ and p/$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pi $$\end{document}$) are compared with models, in particular with different PYTHIA tunes \[[@CR1]--[@CR3], [@CR25], [@CR26]\], EPOS \[[@CR4], [@CR5]\] and PHOJET \[[@CR6]\]. Section [5](#Sec15){ref-type="sec"} concludes the paper summarizing the results.

Experimental setup and data analysis {#Sec2}
====================================

The ALICE detector {#Sec3}
------------------

The ALICE detector was specifically optimised to reconstruct and identify particles over a wide momentum range thanks to the low material budget, the moderate magnetic field and the presence of detectors exploiting all the known PID techniques. A comprehensive description of the ALICE experimental setup and performance can be found in \[[@CR7]--[@CR10]\]. In the following, the PID detectors relevant for the analysis presented in this paper are briefly described, namely ITS, TPC, TOF and HMPID. They are located in the ALICE central barrel in a $\documentclass[12pt]{minimal}
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The ITS \[[@CR11]\] is the innermost central barrel detector. It is composed of six cylindrical layers of silicon detectors, located at radial distances between 3.9 and 43 cm from the beam axis. The two innermost layers are equipped with silicon pixel detectors (SPD), the two intermediate ones are silicon drift detectors (SDD), while the two outermost ones are silicon strip detectors (SSD). The ITS provides high resolution tracking points close to the beam line, which allows us to reconstruct primary and secondary vertices with high precision, to measure with excellent resolution the distance of closest approach (DCA) of a track to the primary vertex, and to improve the track $\documentclass[12pt]{minimal}
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The TPC \[[@CR12]\] is the main tracking detector of the ALICE central barrel. It is a large volume cylindrical chamber with high-granularity readout that surrounds the ITS covering the region 85 $\documentclass[12pt]{minimal}
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The TOF detector \[[@CR13]\] is a large-area array of multigap resistive plate chambers with an intrinsic time resolution of 50 ps, including the electronic readout contribution. It is a cylindrical detector located at a radial distance 370 $\documentclass[12pt]{minimal}
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The HMPID \[[@CR14]\] is a single-arm proximity-focusing ring imaging Cherenkov (RICH) detector located at 475 cm from the beam axis. The Cherenkov radiator is a 15-mm-thick layer of liquid C$\documentclass[12pt]{minimal}
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In addition to the detectors described above that provide PID information, the VZERO system \[[@CR27]\] is used for trigger and event selection. It is composed of two scintillator arrays, which cover the pseudorapidity ranges $\documentclass[12pt]{minimal}
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Data sample, event and track selection {#Sec4}
--------------------------------------

The results presented in this paper are obtained combining five independent analyses, namely ITS stand-alone, TPC--TOF, TOF, HMPID, kink, using different PID methods. The analysed data are proton--proton collisions at $\documentclass[12pt]{minimal}
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                \begin{document}$$1.2\times 10^{29}\,\mathrm cm^{-2}\, s^{-1}$$\end{document}$ to limit the collision pile-up probability. Only runs with a collision pile-up probability smaller than 4 % are used in this analysis, leading to an average pile-up rate of 2.5 %. The number of events used in the five independent analyses is reported in Table [1](#Tab1){ref-type="table"}. The data were collected using a minimum-bias trigger, which required a hit in the SPD or in at least one of the VZERO scintillator arrays in coincidence with the arrival of proton bunches from both directions. This trigger selection essentially corresponds to the requirement of having at least one charged particle in 8 units of pseudorapidity.

The contamination due to beam-induced background is removed off-line by using the timing information from the VZERO detector, which measures the event time with a resolution of about 1 ns, and the correlation between the number of clusters and track segments (tracklets) in the SPD \[[@CR15]\]. Selected events are further required to have a reconstructed primary vertex. For 87 % of the triggered events, the interaction vertex position is determined from the tracks reconstructed in TPC and ITS. For events that do not have a vertex reconstructed from tracks, which are essentially collisions with low multiplicity of charged particles, the primary vertex is reconstructed from the SPD tracklets, which are track segments built from pairs of hits in the two innermost layers of the ITS. Overall, the fraction of events with reconstructed primary vertex, either from tracks or from SPD tracklets, is of 91 %. Accepted events are required to have the reconstructed vertex position along the beam direction, $\documentclass[12pt]{minimal}
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Particle identification strategy {#Sec5}
--------------------------------
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### ITS stand-alone analysis {#Sec6}
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### TPC--TOF analysis {#Sec7}

In this analysis global tracks are used and particle identification is performed by comparing the measured PID signals in the TPC and TOF detectors (d$\documentclass[12pt]{minimal}
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More than one identity can be assigned to a track if it fulfils PID and rapidity selection criteria for different particle species. The frequency of such cases is at most 0.5 % in the momentum range used in this analysis. The misidentification of primary particles is computed and corrected for using Monte-Carlo simulations. It is at most 2 % for pions and protons and 8 % for kaons in the considered $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ ranges. The correction of the raw spectra for the misidentified particles provides also a way to remove the overestimation of the total number of particles introduced by the possibility, described above, to assign more than one identity to a track.

### TOF analysis {#Sec8}
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### HMPID analysis {#Sec9}

The HMPID is a RICH detector in a proximity focusing layout in which the primary ionizing charged particle generates Cherenkov light inside a liquid C$\documentclass[12pt]{minimal}
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In this analysis, the sub-sample of global tracks that reach the HMPID detector and produce the Cherenkov rings is used. Starting from the photoelectron cluster coordinates on the photocathode, a back-tracking algorithm calculates the corresponding single photon Cherenkov angle by using the impact angle of a track extrapolated from the central tracking detectors up to the radiator volume. A selection on the distance ($\documentclass[12pt]{minimal}
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The particle yields are extracted from a fit to the Cherenkov angle distribution in narrow transverse momentum intervals. In Fig. [7](#Fig7){ref-type="fig"}, examples of the reconstructed Cherenkov angle distributions in two narrow $\documentclass[12pt]{minimal}
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The background, mainly due to noisy pads and photoelectron clusters from other rings overlapping to the reconstructed one, is negligible in the momentum range considered in this analysis. The fit function (shown as a solid line in Fig. [7](#Fig7){ref-type="fig"}) is a sum of three Gaussian functions, one for each particle species (dashed lines), whose mean and sigma are fixed to the Monte-Carlo values.Fig. 7Distributions of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\langle \theta _\mathrm{{ckov}}\rangle $$\end{document}$ measured with the HMPID in the two narrow $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ intervals 3.4 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$<$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$<$$\end{document}$ 3.6 GeV/$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$c$$\end{document}$ (*top*) and 5 $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$<$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$<$$\end{document}$ 5.5 GeV/$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$c$$\end{document}$ (*bottom*) for tracks from negatively charged particles. *Solid lines* represent the total fit (sum of three Gaussian functions). *Dotted lines* correspond to pion, kaon and proton signals. The *background* is negligible

The extracted separation power of hadron identification in the HMPID as a function of $\documentclass[12pt]{minimal}
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The HMPID geometrical acceptance is about 5 % for tracks with high momentum. Therefore the analysis of HMPID required one to analyse a larger data sample with respect to the other PID methods, as reported in Table [1](#Tab1){ref-type="table"}. The total efficiency is the convolution of the tracking, matching and PID efficiencies. The PID efficiency of this method is determined by the Cherenkov angle reconstruction efficiency. It has been computed by means of Monte-Carlo simulations and it reaches 90 % for particles with velocity $\documentclass[12pt]{minimal}
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### Kink analysis {#Sec10}

Charged kaons can also be identified in the TPC by reconstructing their weak-decay vertices, which exhibit a characteristic kink topology defined by a decay vertex with two tracks (mother and daughter) having the same charge. This procedure extends the measurement of charged kaons on a track-by-track basis to $\documentclass[12pt]{minimal}
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Correction of raw spectra {#Sec11}
-------------------------
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The resulting spectra are corrected for the detector acceptance and for the reconstruction and selection efficiencies. This correction is specific to each analysis and accounts for the acceptance of the detector used in the PID procedure, the trigger selection and the vertex and track reconstruction efficiencies. They are evaluated by performing the same analyses on simulated events generated with PYTHIA 6.4 (Perugia0 tune) \[[@CR25]\]. The particles are propagated through the detector using the GEANT3 transport code \[[@CR33]\], where the detector geometry and response as well as the data taking conditions are reproduced in detail.
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The corrected spectra are, finally, normalised to the number of inelastic proton--proton collisions that is obtained from the number of analysed minimum-bias events via the scaling factor 0.852 as described in \[[@CR35]\].

Systematic uncertainties {#Sec12}
------------------------
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The main sources of systematic uncertainties, for each analysis, are summarised in Table [2](#Tab2){ref-type="table"}. They are related to the PID procedure, the subtraction of the contribution from secondary particles, imperfect description of the material budget in the Monte-Carlo simulation, particle interactions in the detector material, tracking efficiency and variables used for the track selection.

The systematic uncertainties introduced by the PID procedure are estimated differently depending on the specific analysis. In the ITS-sa analysis different techniques are used for the identification: a 3$\documentclass[12pt]{minimal}
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The systematic uncertainty due to the subtraction of secondary particles is estimated by changing the fit range of the DCA$\documentclass[12pt]{minimal}
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To evaluate the systematic effect due to the uncertainty in the material budget (about $\documentclass[12pt]{minimal}
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For all the analyses, the systematic uncertainties related to tracking procedure are estimated by varying the track selection criteria (e.g. number of crossed readout rows in TPC, number of clusters in ITS, DCA$\documentclass[12pt]{minimal}
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Further systematic uncertainty sources, specific to each analysis, are also evaluated. In the case of the ITS-sa analysis, the Lorentz force causes shifts of the cluster position in the ITS, pushing the charge in opposite directions depending on the polarity of the magnetic field of the experiment ($\documentclass[12pt]{minimal}
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In the kink analysis, the total systematic uncertainty is calculated as the quadratic sum of the contributions listed in Table [2](#Tab2){ref-type="table"}. The kaon misidentification correction (1 $\documentclass[12pt]{minimal}
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The systematic uncertainty on the efficiency for findable kink vertices was estimated to be 3 % independently of $\documentclass[12pt]{minimal}
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Finally, a systematic uncertainty common to each analysis is related to the normalisation to inelastic collisions. The normalisation factor was evaluated in \[[@CR35]\] and it is 0.852$\documentclass[12pt]{minimal}
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All described uncertainties are strongly correlated among the $\documentclass[12pt]{minimal}
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Results {#Sec13}
=======
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To extrapolate to zero and infinite momentum, the combined spectra reported in Fig. [13](#Fig13){ref-type="fig"} are fitted with the Lévy--Tsallis function \[[@CR38], [@CR39]\]$$\documentclass[12pt]{minimal}
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These event generators are often used and tested to describe hadron collisions at high energies. PYTHIA is a general-purpose pQCD-based event generator, which uses a factorised perturbative expansion for the hardest parton--parton interaction, combined with parton showers and detailed models of hadronisation and multiparton interactions. All presented PYTHIA tunes use a colour reconnection mechanism \[[@CR1]\] which can mimic effects similar to that induced by collective flow in Pb--Pb collisions \[[@CR44]\]. In both PHOJET and EPOS, which are microscopic models that utilise the colour-exchange mechanism of string excitation, the hadronic interactions are treated in terms of Reggeon and Pomeron exchanges.
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                \begin{document}$$p_\mathrm{{T}}$$\end{document}$ spectra and particle ratios have been compared with the calculations of QCD-inspired Monte-Carlo models namely PYTHIA6-Z2, PYTHIA6-CentralPerugia2011, PYTHIA8, EPOS LHC and PHOJET. Even though the shapes of the spectra are fairly well reproduced by all models (except PHOJET that fails to describe the spectrum shape of all the three hadron species), none of them can describe simultaneously the measured yields of pions, kaons and protons. These results can be used for a better understanding of the hadron production mechanisms in pp interactions at LHC energies and could further constrain the parameters of the models.

The PYTHIA6 tunes are simulated using Rivet \[[@CR43]\], a toolkit for validation of Monte-Carlo event generators.
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